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Abstract
This paper presents a simple method to render complex trees on high frame rates while maintaining parallax
effects. Based on the recognition that a planar impostor is accurate if the represented polygon is in its plane, we
find an impostor for each of those groups of tree leaves that lie approximately in the same plane. The groups are
built automatically by a clustering algorithm. Unlike billboards, these impostors are not rotated when the camera
moves, thus the expected parallax effects are provided. On the other hand, clustering allows the replacement of a
large number of leaves by a single semi-transparent quadrilateral, which improves rendering time considerably.
Our impostors well represent the tree from any direction and provide accurate depth values, thus the method is
also good for shadow computation.

1. Introduction

One of the major challenges in rendering of vegetation is that
the large number of polygons needed to model a tree or a for-
est exceeds the limits posed by the current rendering hard-
ware [DHL∗98]. Rendering methods should therefore apply
simplifications. To classify these simplification approaches,
we can define specific scales of simulation at which render-
ing should provide the required level of realism:

• Insect scale: A consistent, realistic depiction of individ-
ual branches and leaves is expected. The images of in-
dividual leaves should exhibit parallax effects when the
viewer moves, including the perspective shortening of the
leaf shape and its texture, and view dependent occlusions.

• Human scale: Scenes must look realistic through dis-
tances ranging from an arm’s reach to some tens of me-
ters. Consistency is desired but not required.

• Vehicle scale: Individual trees are almost never focused
upon and consistency is not required. Viewing distance
may exceed several hundred meters.

There are two general approaches for realistic tree ren-
dering: geometry-, and image-based methods. As it takes
roughly hundred thousand triangles to build a convincing
model of a single tree, geometry-based approaches should
apply some form of Level of Detail technique [LRC∗02].

Image-based methods [RMD04, ABC∗04] represent a
trade-off of consistency and physical precision in favor of

billboard complex cutout free form tree

Figure 1: A tree representation with images

more photorealistic visuals (figure 1). Billboard rendering is
analogous to using cardboard cutouts. In order to avoid the
shortening of the visible image when the user looks at it from
grazing angles, the billboard plane is always turned towards
the camera. Although this simple trick solves the shorten-
ing problem, it is also responsible for the main drawback of
the method. The tree always looks the same no matter from
where we look at it. This missing parallax effect makes the
replacement too easy to recognize. In order to handle this
problem, the view-dependent sprite method pre-renders a fi-
nite set from a few views, and presents the one closest in
alignment with the actual viewing direction. A popping arti-
fact is visible when there is an alignment change. The com-
plex cutout approach uses texture transparency and blend-
ing to render more than one views at the same time onto
properly aligned surfaces. In order to handle occlusions cor-
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rectly, billboards can also be augmented with depth infor-
mation [MO95, Szi05]. One of the most advanced methods
actually implemented in commercial entertainment software
is the basic free-form textured tree model, where the images
are imposed on the approximated geometry.

The method of this paper falls into the class of complex
cutouts, but it prepares them so carefully that the results
are satisfactory not only on vehicle scale, but also on hu-
man scale, and with some compromises on insect scale. The
method is also good to generate shadows [MNP01] and can
be extended to a hierarchical approach [MDK99].

2. The new method

In order to reduce the geometric complexity of a tree, we
use impostors having transparent textures to represent leaf
groups. Since impostors are not rotated when the cam-
era changes, the expected parallax effects are provided
[DDSD03]. The key of the method is then the generation
of these impostors. We should first observe that an impos-
tor is a perfectly accurate representation of a polygon (i.e.
leaf) if the plane of impostor is identical to the plane of the
polygon. On the other hand, even if the leaf is not on the im-
postor plane but is not far from that and is roughly parallel
to the plane, then the impostor representation results in ac-
ceptable errors. Based on this recognition, we form clusters
of the leaves in a way that all leaves belonging to a cluster
lie approximately on the same impostor plane and replace
the whole group by a single impostor. In order to control
clustering, we shall introduce an error measure for a plane
and a leaf, which includes both the distance of the leaf from
the plane and the angle of the plane and leaf normals. The
applied K-means clustering algorithm [Mac67] starts with
a predefined number of random planes, and iterates the fol-
lowing steps:

1. For each leaf we find that plane that minimizes the error.
This step clusters the leaves into groups defined by the
planes.

2. In each leaf cluster, the plane is recomputed in order to
minimize the total error for the leaves of this cluster with
respect to this plane.

Let us examine the definition of the error measure and
these steps in details.

2.1. Error measure for a leaf and a plane

Those p = [x,y,z]T points are on a plane that satisfy the fol-
lowing plane equation (T denotes matrix transpose):

D[n,d](p) = pT ·n+d = 0,

where n = [nx,ny,nz]T is the normal vector of the plane, and
d is a distance parameter. We assume that n is a unit vec-
tor and is oriented such that d is non-negative. In this case
D[n,d](p) returns the signed distance of point (p) from the
plane.

From the point of view of clustering, leaf i is defined by
its unit length average normal ni and its center pi, that is by
pair (ni,pi).

Leaf i approximately lies in impostor plane [n,d] if
D2

[n,d](pi) is small, and its normal is approximately paral-
lel with the normal of the plane, which is the case when
1− (nT

i · n)2 is also small. Thus an appropriate error mea-
sure for plane [n,d] and leaf (ni,pi) is:

E([n,d] ↔ (ni,pi)) = D2
[n,d](pi)+α · (1− (nT

i ·n)2), (1)

where α expresses the relative importance of the orientation
similarity with respect to the distance between the leaf center
and the plane.

2.2. Finding a good impostor plane for a leaf cluster

To find an optimal plane for a leaf group, we have to com-
pute plane parameters [n,d] in a way that they minimize total
error ∑N

i=1 E([n,d] ↔ (ni,pi)) with respect to the constraint
that the plane normal is a unit vector, i.e. nT ·n = 1. Using
the Lagrange-multiplier method to satisfy the constraint, we
have to compute the partial derivatives of

N

∑
i=1

E([n,d] ↔ (ni,pi))−λ · (nT ·n−1) =

N

∑
i=1

(pT
i ·n+d)2 +α ·

N

∑
i=1

(1−(nT
i ·n)2)−λ ·(nT ·n−1) (2)

according to nx,ny,nz,d,λ, and have to make these deriva-
tives equal to zero. Computing first the derivative according
to d, we obtain:

d = −cT ·n. (3)

where

c =
1
N

·
N

∑
i=1

pi

is the centroid of leaf points. Computing the derivatives ac-
cording to nx,ny,nz, and substituting formula 3 into the re-
sulting equation, we get:

A ·n = λ ·n, (4)

where matrix A is

A =
N

∑
i=1

(pi − c) · (pi − c)T −α ·
N

∑
i=1

ni ·nT
i . (5)

Note that the extremal normal vector is the eigenvector of
symmetric matrix A. In order to guarantee that this ex-
tremum is a minimum, we have to select that eigenvector
which corresponds to the smallest eigenvalue. We could cal-
culate the eigenvalues and eigenvectors, which requires the
solution of the third order characteristic equation. On the
other hand, we can take advantage that if B is a symmetric
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3×3 matrix, then iteration Bn ·x0 converges to a vector cor-
responding to the largest eigenvalue from an arbitrary, non-
zero vector x0 [Wei03]. Thus if we select B = A−1, then the
iteration will result in the eigenvector of the smallest eigen-
value.

2.3. Indirect texturing

The proposed method uses a single texture for the impostor
that includes many leaves. It means that the impostor texture
should have high resolution in order to accurately represent
the textures of individual leaves. The resolution of the im-
postor texture can be reduced without sampling artifacts if
the impostor stores only the position and orientation of the
leaves, while the leaves rotated at different angles are put in
a separate texture (figure 2). Let us identify the rectangles
of the projections of the leaves on the impostor. Each rect-
angle is defined by its lower left coordinate, the orientation
angle of the leaf inside this rectangle, and a global scale pa-
rameter (due to clustering the impostor planes are roughly
parallel to the leaves thus leaf sizes are approximately kept
constant by the projections). If we put the lower left coor-

original impostor

leaf distribution impostor

rotated leaves

Figure 2: Indirect texturing. The impostor is replaced by
a leaf distribution impostor and the rotated images of the
leaves.

dinate of the enclosing rectangle and the orientation angle
into the impostor texture, and fill up the texels that are not
covered by leaves by a constant value outside [0,1], then this
texture has constant color rectangles, which can be down-
sampled. In fact, this down-sampling could replace a rectan-
gle of the leaf projection by a single texel. We call this low
resolution texture as the leaf distribution impostor. During
rendering, we address this leaf distribution impostor with
texture coordinates u,v. If the first color coordinate of the
looked up texel value is outside the [0,1] interval, then this
texture coordinate does not address a leaf, and thus should
be regarded as transparent. However, if the first coordinate
is in [0,1], then first two color coordinates r,g are consid-
ered as the texture coordinates of the lower left corner of the
leaf rectangle, and color coordinate b is regarded as the rota-
tion angle of the leaf. The rotation angle selects the texture
that represents this rotation, and u,v texture coordinates are
translated by r,g and scaled by size s of the leaf rectangle, i.e.
u′ = (u− r)/s,v′ = (v−g)/s will be the texture coordinates
of the single leaf texture selected by component b.

2.4. Smooth level of detail

The accuracy of the impostor representation can be con-
trolled by the number clusters. If clusters are organized hier-
archically, then the accuracy can be dynamically set by spec-
ifying the used level of the hierarchy. The level is selected
according to the viewing distance, which results in a level of
detail approach. To make the changes smooth, we can inter-
polate the plane parameters of the two enclosing levels.

3. Results

The proposed algorithm has been implemented in
OpenGL/Cg environment, integrated into the Ogre3D
game engine, and run on an NV6800GT graphics card. The
tree is a European chestnut (Castanae Sativa) having 11291
leaves defined by 112910 faces and 338731 vertices. The
trunk of the tree has 46174 faces. The leaves have been
converted to 32 impostors using the proposed algorithm.
When we did not apply indirect texturing, the impostor
resolution was 512 × 512. Setting the screen resolution to
1024 × 768, leaf rendering is speeded up from 40 FPS to
278 FPS when the leaf polygons are replaced by the leaf
cluster impostors. The comparison of the images of the
original polygonal tree and the impostor tree is shown in
figure 4. Note that this level of similarity is maintained for
all directions, and the impostor tree also provides realistic
parallax effects.

Figure 4: Two from the 32 leaf clusters representing the tree

Figure 5 shows a terrain of 4960 polygons with 2000
trees rendered on 30 FPS without instancing (the render-
ing is CPU limited). We used the proposed level of detail
techniques to dynamically reduce the number of leaf cluster
impostors per tree from 32 to 16 and even to 8.

4. Conclusions

This paper presented a tree rendering algorithm where clus-
ters of leaves are represented by semi-transparent impos-
tors. The automatic clustering algorithm finds an impostor
in a way that the represented leaves lie approximately in its
plane. This approach is equivalent to moving and rotating
the leaves a little toward their common planes, thus this rep-
resentation keeps much of the geometry information. Since
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polygonal tree 107 impostors, 163 FPS 54 impostors, 256 FPS 29 impostors, 292 FPS

Figure 3: Visual and speed comparisons of the original polygonal tree and the tree rendered with different number of impostors.

Figure 5: Two snapshots from a 30 FPS animation showing
2000 trees

the impostors are not rotated with the camera, the proposed
representation can provide parallax effects and view depen-
dent occlusions for any direction. We also discussed how
leaf textures can be visualized without posing high resolu-
tion requirements for the impostors, and the possibility of
including smooth level of detail techniques.
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